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To examine the effects of different wavelengths of 
ultraviolet (UV) radiation on tUDlor necrosis factor 
(TNF) production, we took advantage of mice carry-
ing a chloramphenicol acetyl transferase (CAT) re-
porter transgene bearing the entire TNF promoter 
and 3 ' -untranslated region. Aside from constitutive 
expression in the thymus, CAT activity was detected 
only in locally UVB- or UVC-irradiated skin. Mter 
UVB irradiation, markedly greater amounts of CAT 
activity were traced to the dermis rather than the 
epidermis; by contrast, almost all CAT activity was 
localized to the epidermis after UVC irradiation. 
umor necrosis factor (TNF) is an essential mediator 
of inflammatory and immunologic reactions during 
host defense against a variety of environmental in-
sults, including bacterial and parasitic infections 
[1,2], chemical injury [3,4], and tissue transplantation 
[5]. TNF also has been implicated as a factor responsible for the 
suppressive influence of ultraviolet B (UVB) radiation in contact 
hypersensitivity reactions in mice [6 - 8], and low concentrations of 
TNF have been detected in sera from human volunteers treated 
with UV light [9]. Finally, TNF has been shown to be secreted by 
several different types of epidermal cells, including cultured kera-
tinocytes after stimulation with lipopolysaccharide (LPS) or UVB 
radiation [9], Langerhans cells after treatment with phorbol myr-
istate acetate plus LPS [10], and unstimulated cultured melanoma 
cells [11]. 
The development of transgenic mice bearing a reporter construct 
that closely mimics the behavior of the TNF gene has allowed us to 
detect with great sensitivity conditions that cause TNF gene 
activation both in vitro and in vivo [12]. This reporter trans gene 
consists of a chloramphenicol acetyl transferase (CAT) coding 
sequence that is flanked by the TNF promoter and untranslated 
regions, respectively. We now have investigated the activation of 
this transgene by UV light of different wavelengths and identified 
the anatomic sites where transgene activation occurs. 
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Fibroblasts have not been shown previously to ex-
press the TNF gene, i.e., the TNF gene is highly 
methylated and inaccessible to exogenous modula-
tion in 3T3 fibroblasts. However, the present report 
reveals that cultured dermal fibroblasts are capable of 
producing both CAT and TNF in response to treat-
ment in vitro with either UVB irradiation, UVC irra-
diation, or lipopolysaccharide. These findings indi-
cate that dermal fibroblasts Dlay serve not only as a 
target for but also as a source ofTNF. J Invest Dermatol 
104:318-322, 1995 
MA TERlALS AND METHODS 
Mice All studies were in compliance with the institutional animal guide-
lines. Transgenic mice (BALB/c background) bearing the CATTNF reporter 
construct [12] were used at 4 to 6 weeks of age. The CAT reporter 
transgene was a 3963-bp piece of DNA containing (5' -3') the following: the 
distal coding sequence of lymphotoxin, the enhancer and promoter-bearing 
sequence lying between the lymphotoxin and the TNF genes, most of the 
TNF 5' -UTR (modified by insertion of an 82-bp polylinker sequence), the 
CA T coding sequence, and the TNF 3 ' -UTR and polyadenylation signal 
sequences. Animals were maintained at the University of Texas Southwest-
ern Medical Center Animal Resource Center and fed ad /ih iWm. 
In Vivo UV Irradiatio n Mice were anesthetized with nembutal (100 ILl 
of a 10°1t) solution in phosphate-buffered saline) administered intraperitone-
ally. They were then exposed to UV light or sham-treated, through shaved 
dorsal or ventral skin, for different periods of time. The UVB light source 
was an unfiltered bank of four FS-20 fluorescent tubes ("Sunlamp," 
Westinghouse, Pittsburgh, PA). Emission was of a broad spectrum (250-
400 nm), with a peak at 313 nm and high output primarily in the UVB range 
(290-320 nm). As measured by an IL 700 radiometer (Newburyport, MA) 
with an SEE 240 UVB photodetector, these lamps delivered an average flux 
of 1.10 Jlm 2 I second. The UV A source was a similar bank of four Blacklight 
tubes (Sylvania) filtered by a clear glass plate placed over the specimen to be 
irradiated. The UVC light source was a germicidal lamp (American 
Ultraviolet Company), which delivered an average flux of 1 J/m2 /second. 
Tissue Preparation At different times after UV irradiation, mice were 
sacrificed with Metofane (Pittman-Moore, Mundelein, IL) , and the skin and 
internal organs were dissected. CAT activity was assayed from the skin, 
thymus, spleen, kidney, lung, heart, liver, and pancreas. In some experi-
ments, the skin was rinsed with 70'/';) ethallol and shaved with a single-edge 
razor blade, then excised and trimmed of subcutaneous fat. Skin was then 
cut into strips 1 cm wide, placed epidermal-side up in a cold 0.15(Yo trypsin 
solution (Sigma Chemical Co., St. Louis, MO), and incubated overnight at 
4°C. Epidermis was removed from the dernlis by gentle scraping. These 
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tissues were then homogenized separately in 1 ml of 2 X sodium citrate/ 
sodium chloride buffer containing 004 M Tris at pH 704, frozen, thawed, and 
then centrifuged at 12,000 X g to remove insoluble material. Supernatants 
were subsequently heated to 65°C for 5 min. After a second centrifugation, 
supernatants were assayed for CAT activity and protein. 
Culture of Fibroblasts From Dermal Explants Dermis was separated 
from epidermis and minced into 1 X I-mm pieces in Dulbecco' s modifica-
tion of Eagle's medium containing 10% heat-inactivated fetal bovine serum. 
Dermal explant cultures were prepared by placing the dermal tissue pieces 
in 35-mm culture plates, removing most of the medium. The plates were 
incubated in a 37°C humidified CO2 incubator for at least 2 h. Fresh 
medium was added gently to cover the tissue, being careful not to dislodge 
any of the pieces. Fibroblasts grew out of the explants and were confluent 
after 4 weeks in culture. 
In Vitro UV Irradiation Before UV radiation exposure, medium was 
removed from the cultured fibroblasts and 0.5 ml of phosphate-buffered 
saline was added to the culture dishes. The plates were then exposed to 
different doses of UV radiation. After irradiation, phosphate-buffered saline 
was removed and replaced with fresh medium. In other experiments, LPS 
(Escherichia coli strain 0127:B8; Difco Laboratories, Inc., Detroit, MI) was 
added in a concentration of 1 p,g/ml. Twenty-four hours later, culture 
supernatants were removed, 200 p,l of 0.25 M Tris, pH 7 A, was added to 
each plate, and the cells were frozen immediately at -70°C for at least 10 
min. CAT assays and protein determinations were performed on recovered 
lysate. 
CAT Assay CAT activity was assayed using thin-layer chromatography, 
as described by Gorman et al [13]. Incubation of the substrate with enzyme 
was allowed to continue for 4 h , after which CAT activity was quantitated 
using a Phosphorimager. The amount of radioactivity present in the 1- and 
3-acetyl forms of chloramphenicol was divided by the total amount present 
in the sample to yield an index of activity. Protein determination was 
performed using the Bradford reagent (Bio-rad), with reference to a 
standard of bovine serum albumin. 
TNF Assay We used two assays to detect TNF produced by fibroblasts. 
The first was the SK-MEL bioassay system, capable of detecting TNF at 
concentrations in excess of 1 pg/ml, as described previously [14]. Briefly, 
60,000 cells per wet:. were cultured with supernatants to be tested in the 
absence or presence of bivalent TNF-binding protein [14] . Cycloheximide 
(75 p,g/ml) was added to the plates and left at 37°C for 24 h. Thereafter, the 
cells were washed twice in phosphate-buffered saline and colored with 
crystal violet. Absorbances at 590 run were measured using a 96-well 
multiscanner autoreader (InterMed, Thousand Oaks, CA). The standard 
curve was performed using recombinant mouse TNF (kindly supplied by 
Dr. G. Wong). Percent survival was calculated as: 100 X As90-treated 
cells/ As90-untreated cells. 
RESULTS 
UVB Radiation Induces Local Expression of CAT Activity 
in Skin Mice bearing the CAT TNF transgene were exposed to 
UVB radiation through shaved ventral or dorsal skin. CAT activity 
was assayed 6 h after irradiation (Fig 1A). In sham-treated mice, 
CAT was expressed solely in the thymus, whereas in UVB-treated 
mice, CAT was produced in both the thymus and irradiated (but 
not unirradiated) skin. CAT activity in skin was detected after 
exposure to as Iowa dose as 140 J/m2 UVB; maximal activity was 
seen after treatment with 700 Jlm2 UVB (Fig 1B,C). Using the 
latter dose ofUVB, we then examined the induction of cutaneous 
CAT activity over time after irradiation. Biosynthesis of CAT was 
observed as early as 6 h after UVB exposure, with increasing CAT 
activity measured up to 24 h (Fig 2A,B). 
UVB and UVC (But Not UVA) Radiation Can Induce 
Cutaneous Reporter Gene Expression We next determined 
the effects of UVC and UV A radiation on CATTNF expression. 
UVC was capable of inducing CAT activity in skin (Fig 3A,B). By 
contrast, even large doses ofUV A radiation (as high as 640 kJ/m2 ) 
failed to induce significant cutaneous CAT activity (Fig 4). 
UVB-Induced Cutaneous CAT Activity is Found Predomi-
nantly in the Dennis, Whereas UVC-Induced CAT Activity 
Localizes to the Epidennis The epidennal and dennal contri-
butions to UVB-induced CAT synthesis were measured in mice 
exposed to 700 J/m2 UVB, 24-48 h after UVB irradiation. Most of 
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Figure 1. UVB radiation induces CAT production in exposed skin. 
A) Transgenic mice were exposed dorsally to 140 ]/m2 and 700 ]/m2 UVB 
light. Unexposed mice served as controls. Six hours later, organs were 
harvested for estimation of CAT activity. B) Mice were exposed to 
increasing doses of UVB; unexposed mice served as controls. Six hours 
later, thymus and exposed skin were harvested and assayed for CAT 
synthesis. A 4-h CAT assay was performed, and the thin-layer chromatog-
raphy plate was exposed to the film for 1 week. CM, nonacetylated 
chloramphenicol; AC1 CM and AC3 CM, one- and three-acetylated forms of 
chloramphenicol, respectively, produced by CAT. Results are shown from 
one representative mouse per dose. C) CAT activity was quantitated using 
a Phosphorimager. The amount of radioactivity present in the acetylated 
forms of chloramphenicol was divided by the total amount present in the 
sample. The value obtained was corrected for the total amount of protein. 
Results are shown as the percentage of acetylated CAT per ILg of protein, 
in mean and standard deviation per dose. 
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Figure 2. Time-dependent expression of CAT. A) Transgenic mice 
were exposed to 700 ]lm2 dorsal UVB irradiation. At different times after 
exposure, skin and thymus were dissected and assayed for CAT activity. 
Results are shown from one representative mouse per time point. The 
tbin-Iayer chromatography plate was exposed to film for 1 week. Abbrevi-
ations as in legend to Fig 1. B) Results are shown as the percentage of 
acetylated CAT per JLg of protein, in mean and standard deviation per time 
point. 
the CAT activity was traced to the dermis, with very little found in 
the epidermis (Fig SA,B). After 8 d, CAT activity was no longer 
detectable in skin, whereas constitutive expression in the thymus 
persisted. By contrast, UVC-induced CAT expression was found 
almost exclusively in the epidermis (Fig 6). 
UVB, UVC, and LPS Induce CAT Biosynthesis in Cultured 
Dermal Fibroblasts Several different cell types populate the 
dermis, including macrophages, dendritic cells, T cells, endothelial 
cells, mast cells, and fibroblasts. Because of the relative ease in 
growing fibroblasts and the difficulty in sorting out pure popula-
tions of other dermal cells, we first tested the possibility that 
fibroblasts may be responsible for the inducible CAT activity 
observed in UVB-irradiated transgenic mice. We therefore ex-
posed transgenic mouse dermal explants or dermal fibroblasts 
grown to confluence to different doses of UVB radiation or to LPS 
(Fig 7A,B). UVB radiation and LPS each were observed to 
stimulate CAT activity in both preparations of fibroblasts. CAT 
activity also was induced in cultured fibroblasts by UVC (Fig 7q. 
UVB and LPS Induce the Production of TNF by Cultured 
Dermal Fibroblasts To determine whether CAT expression 
parallels TNF production, we measured TNF bioactivity of super-
natants of UVB-treated dermal fibroblasts, using two different 
assays. Conditioned medium harvested from UVB-irradiated fibro-
blast cultures was noted to be cytotoxic to SK-MEL cells (Table I). 
Compared to a recombinant murine TNF standard, these superna-
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Figure 3. UVC induces CAT biosynthesis in exposed skin. A) Male 
transgenic mice (two per time point) were exposed to varying doses ofUVC 
light (germicidal lamps). Exposed dorsal skin and thymus were collected 
before exposure and at 12, 24, and 48 h after UVC irradiation and assayed 
for CAT activity. The thin-layer chromatography plate was exposed to film 
for 1 week. Abbreviations as in legend to Fig 1. B) Results are shown as the 
percentage of acetylated CAT per JLg of protein, in mean and standard 
deviation. 
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Figure 4. UV A radiation fails to induce cutaneous production of 
CAT. Male transgenic mice were exposed to increasing doses of UV A 
radiation. After different intervals, the mice were killed and the exposed 
skin and thymus were harvested and assayed for CAT activity. The 
thin-layer chromatography plate was exposed to film for 1 month. Abbre-
viations as in 1 gend to Fig 1. 
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Figure 5. UVB-induced CAT biosynthesis by skin components. A) 
Male transgenic mice (five per time point) were exposed to 700 ]1m2 dorsal 
UVB radiation. Before and at different times after exposure, the animals 
were sacrificed. Whole skin, dermal, and epidermal layers as well as thymus 
were harvested from each mouse. Tissues for each time point were then 
pooled and assayed for CAT activity. The thin-layer chromatography plate 
was exposed to film for 1 week. Abbreviations as in legend to Fig 1. B) 
Results are shown as the percentage of acetylated CAT per /-Lg of protein, 
in mean and standard deviation. 
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Figure 6. UVC-induced CAT biosynthesis by skin components. 
Male transgenic mice (five per time point) were exposed to 60 J/m2 dorsal 
UVC radiation. Twenty-four hours after exposure, whole skin, dermal, and 
epidermal layers as well as thymus were harvested from each mouse. Tissues 
were then assayed for CAT activity. The thin-layer chromatography plate 
was exposed to film for 4 d. Abbreviations as in legend to Fig 1. 
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Figure 7. CAT biosynthesis by dermal explants and fibroblasts 
after LPS, UVB, and UVC exposure. A) Dermal explant cultures from 
transgenic mice were exposed to varying doses of UVB radiation or LPS 
(1 /-Lg/ml). Twenty-four hours later, the culture medium was collected and 
the explants were removed carefully with forceps. The explants were 
homogenized with a tissue grinder in 1 rnl of 2 X sodium citrate/sodium 
chloride buffer containing 0.4 M Tris at pH 7.4, frozen, thawed, and then 
centrifuged at 12,000 X g to remove insoluble material. Supernatants were 
subsequently heated to 65°C for 5 min. Mter a second centrifugation, 
supernatants were assayed for CAT activity. The remaining fibroblasts were 
frozen at - 70°C in 200 /-LI of 0.25 M Tris, pH 7.4. Mter 10 min, the 
supernatant was collected and half was used to assay CAT activity. Dermal 
explant cultures unexposed to UV or LPS served as controls. The thin-layer 
chromatography plate was exposed to film for 1 week. Abbreviations as in 
legend to Fig 1. B) Results are shown as the percentage of acetylated CAT 
per mg of protein, in mean and standard deviation. C) Dermal explant 
cultures from transgenic mice were exposed to varying doses of UVB and 
UVC radiation or LPS (1 /-Lg/ml) and assayed for CAT activity, as described 
above. Dermal explant cultures unexposed to UV served as negative 
controls, whereas dermal explant cultures exposed to LPS (1 /-Lg/ml) served 
as positive controls for CAT biosynthesis. Exposure time was 1 month. 
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Table I. Effects of Supernatants From UVB-Irradiated 
Dermal Fibroblasts on the Survival of Human 
SK-MEL Cellsa 
Addition of Supernatant 
from: 
Non-irradiated fibroblasts 
UVB-irradiated fibroblasts 
(400 11m2) 
1:1 
1:3 
1:9 
1:27 
1:81 
1:243 
UVB-irradiated fibroblasts 
(400 Jlm2 ) + sTNF-R 
% 
Survival 
95 ± 5.2 
43 ± 15.6 
47 ± 12.6 
41 ± 5.2 
60 ± 3.9 
73 ± 15.3 
86 ± 6.7 
>100 
a SK-MEL cells were incubated with supernatants from untreated or UVB-irradiated 
cultured dermal fibroblasts at different dilutions, in the absence or presence of bivalent 
TNF-binding protein (sTNF-R). Percent survival was assessed 24 h later, as described 
in Material and Methods. Data represent mean :::t:: standard deviation. 
tants were shown to contain 12-15 pg/ml of TNF. This cytotox-
icity was inhibited when the assay was performed in the presence of 
bivalent TNF-binding protein [14], thereby indicating that the 
cytotoxic activity was due to the presence of TNF. 
DISCUSSION 
Our results indicate that relatively low doses of UVB radiation can 
induce CAT synthesis in exposed skin of transgenic mice and that 
almost all detected CAT activity is traceable to the dermis. 
UVB-inducible expression of TNF in skin is not surprising given 
that human keratinocytes have been shown to secrete TNF in vitro 
after UVB irradiation [9]. However, based on the idea that UVB is 
absorbed mainly by epidermal components and the unproved 
notion that it generally does not penetrate the dermis, it was 
somewhat surprising to find a predominantly dermal (rather than 
epidermal) contribution to the observed UVB-inducible CAT 
expression. Two explanations may account for this dermal predom-
inance. On the one hand, the initial effect of UVB may be to 
activate epidermal cells, which respond by producing a second 
signal that eventuates in TNF expression in the dermis. For 
example, small amounts of TNF secreted by keratinocytes might 
trigger a second wave of TNF production by fibroblasts or other 
dermal cells. On the other hand, we favor the alternative explana-
tion that dermal CAT expression is due to the direct effect of small 
amounts of UVB that actually reach the dermis. Support for this 
latter interpretation derives from our observation that, in vitro, small 
doses ofUVB (as little as 35 J/m2 ) are capable of directly inducing 
dermal fibroblasts to express the CAT reporter. In addition, UVC 
is known to be almost completely absorbed by the epidermis, and 
in vivo irradiation with UVC resulted in CAT expression localized 
. to the epidermis. Although we focused on fibroblasts as the dermal 
source of UVB-inducible TNF, our results do not exclude the 
possibility of TNF gene activation and protein secretion in other 
dermal cells. 
A second and equally surprising aspect of these studies concerns 
the accessibility of the TNF gene within dermal fibroblasts. Primary 
fibroblasts derived from the mouse embryo have been shown to 
express the TNF gene upon exposure to LPS [15], but fibroblasts 
harvested from mature animals have not been shown to do so. 
Cultured dermal cells in the present experiments were clearly 
capable of expressing the authentic TNF gene as well as the CAT 
reporter, though only the latter allowed in situ detection of gene 
activation. In view of the comparatively large mass of tissue formed 
by dermal fibroblasts, it is reasonable to ask whether they make a 
substantial contribution to the net production ofTNF that occurs in 
septicemia and other pathologic states. 
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The present study confirms the finding that the TNF gene is 
responsive to UV light. The reporter transgene contained a total of 
3.2 kb of mammalian DNA, with no vector sequences. Thus, the 
UV -responsive elements may be said to reside within this relatively 
circumscribed stretch of non-coding sequence. Based on previous 
studies showing that the CAT TNF reporter gene construct closely 
mimics the behavior of the authentic TNF gene in vivo, and upon 
the proved accessibility of the TNF gene within fibroblasts, we 
conclude that wavelengths within the UVB andlor UVC (but not 
UV A) spectrum can induce TNF expression in skin. The extent to 
which TNF participates in the inflammatory reaction that follows 
exposure to UV radiation is a matter for further inquiry; it may 
exercise an important effect. In this context, it is interesting to note 
that the TNF gene is linked to the major histocompatibility 
complex, and that it is the only cytokine gene known to be so 
located. The major histocompatibility complex-linked component 
of many autoimmune diseases is well known. At least some 
autoimmune diseases, notably systemic lupus erythematosus, in-
volve a photosensitivity state. Because the TNF gene responds to 
UV light, it will be interesting to determine whether mutations in 
the TNF gene might be directly related to photosensitivity and to 
other features of this disease. 
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